Abstract. Although knowledge is a central topic for MKM there is little explicit discussion on what 'knowledge' might actually be. There are specific intuitions about form and content of knowledge, about its structure, and epistemological nature that shape the MKM systems, but a conceptual model is missing.
Handles on (Mathematical) Knowledge
The concept of 'knowledge' is investigated by many scientific disciplines, some take a microscopic, ontological view, some a macroscopic, epistemological view and still others a pragmatic view. The latter seems to be the dominant one in the field of Mathematical Knowledge Management (MKM), but ever so often we find pragmatic limits and have to cross the border. There are multiple ways of looking at mathematical knowledge; for instance there is much discussion about whether we should focus on the essence or the visual appearance of mathematical objects and where to determine the borders between these as they seem to be fluctuating.
In this paper, we start an exploration into the world of mathematical knowledge. Reflections on this mathematical space were inspired in part by an article by Seymour Papert, called "An Exploration in the Space of Mathematics Educations" [Pap96] . There, he investigates different math educational approaches, but instead of contrasting them he relates them by interpreting them as axes in an ndimensional space. Here, we investigate essence/appearance approaches concerning knowledge objects and are interested in the resulting knowledge space, hoping that this perspective yields new and unexpected dependencies and relations.
Knowledge and Context
Information theory assumes that the fundamental concepts of data, information, and knowledge are not interchangeable concepts. In particular, the transitive combination of "Lots of available data" and "Information are good data" and "Knowledge is created with information" readily accepted in the Internet Bubble cannot be held.
As data are visually accessible, we need to consider yet another concept: a 'glyph' is an arrangement of pixels on a screen (or dots of ink on a sheet of paper) into a recognizable shape. In contrast to the usage of data (which contain something even if we don't know what), the usage of 'glyphs' emphasizes the pure presentation of a single character without any underlying semantics. In order to close in on 'knowledge', we want to take a closer look at the meaning of glyphs, data, and information and their relationships and differences based on an established knowledge management model. Probst et al. (see [PRR97] ) posit that glyphs, data, information, and last but not least knowledge can be seen as stages of a pipeline that is shown in Figure 1 .
Fig. 1. From Mere Glyphs To Valuable Knowledge
In particular, glyphs are just a set of characters or symbols like {0;9;5;,} without any structure. A first set of rules imposed on the glyphs -the syntax -yields data which can be handled by machines. For obtaining meaning from such data we still need another component: the context. Usually, we discern data from information by viewing information as data with a message or data with an intention. Davenport and Prusak think of information "as data that makes a difference" [DP98] . Data becomes information if a user can interpret the data in regard to a specific goal (or a local context) e.g. using the string '0,95' as number in an equation concerning exchange rates in our example. In contrast, information becomes knowledge, if a user can interpret the information in regard to a global context like understanding the exchange rate equation in the area of specific market behavior with respect to change of exchange rates.
Communities of Practice as Knowledge Context
We described in Section 1.1 how knowledge in the field of Knowledge Management is dealt with. In 1991, Brown and Duguid investigated more closely the global context which transforms information into knowledge (see "The Social
